The stereographic projection method is applied to obtain the bound state amplitude in the moving system of the Bethe-Salpeter equation in the unequal-mass Wick-Cutkoskymodel. The timelike, spacelike, lightlike and spurionlike solutions are derived from the one In the moving system. The normalization properties of these solutions are also discussed. § 1. Introduction It has been found in an early paperl) that the stereographic projection method, which was first introduced by Cutkosky,2) is extremely useful to solve the Bethe-Salpeter (B-S) equation in the unequal-mass Wick-Cutkosky modePl,3l for the bound state amplitude in the rest system. The method leads us to the 0(4) symmetry in the converted momentum space, and hence it becomes possible to solve the equation by use of the four-dimensional solid harmonic.
It has been found in an early paperl) that the stereographic projection method, which was first introduced by Cutkosky,2) is extremely useful to solve the Bethe-Salpeter (B-S) equation in the unequal-mass Wick-Cutkosky modePl,3l for the bound state amplitude in the rest system. The method leads us to the 0(4) symmetry in the converted momentum space, and hence it becomes possible to solve the equation by use of the four-dimensional solid harmonic.
In this paper, the same method is applied to solve the bound state equation 111 the moving system by the extended ~se of the prescriptions given in the early paper. It will be shown that the method is also useful ~or this case and the solution in the moving system obtained in this way contains the timelike, spacelike, lightlike and spurionlike solutions which are the analytic continuities of one another with respect to the total momentum of the bound state. The solutions have also been presented by Nakanishi without using the stereographic. projection method;4 l however, the method adopted in this paper to derive these solutions is much simpler than that of Nakanishi's and the connection between these solutions can easily be seen.
In the next section we apply the stereographic projection method to the B-Sequation in the moving system and its solutions are explicitly given for the time1ike, spacelike, lightlike and spurionlike bound states in § 3. The B-S equation in the unequal-mass Wick-Cutkosky model presents a useful mathematica'l tool to reveal the analytical behaviors of the bound state such as the negative norm and the multiple poles of the corresponding Green's function. These analytical behaviors arc discussed in the fmal section. § 2. B-S equation in the moving system and the stereographic projection method
The total momentum (2k) of the bound state has at least two nonvanishing components in the moving system. We take the frame where its zero-th and third components are nonvanishing while other ones are vanishing. The B-S equation for the bound state amplitude ¢ (p, Po) in the unequal-mass vVick-Cutkosky model reads
where 1 + J, 1-J are the masses of the constituent particles, }, is the coupling constant squared and (p, Po) is the relative momentum. The Wick-rotated form of (2 ·1) is given by
and IS related to the total energy squared s by
In order to· manipulate the B-S equation so that it exhibits the complete rotational invariance, we can adopt the stereographic projection method in much the same manner as in reference 1). First the four-momentum (p, P4) can be mapped upon the point (~) on the surface of a five-dimensional sphere set up by introducing the fifth axis in the Wick-rotated .space. If the five-vector (~) is described in· the polar coordinate, the polar angle ( between (~:) and the fifth axis is related tol pi (= Jp2+ p~2) and the projection radius I~I by tan G-O = 1~l/lpl and the other three polar angles are the same as those of the four-dimensional n10- where dQ/ is an element of the solid angle in the five-dimensional space and r is the angle between (~) and (e). In order to simplify the equation furthe~, we introduce a new variable (~) by rotating the coordinate in the ~3-~r~!j space. The transformation is explicitly given by 
where (2 ·15) and " 2)
*) The definition (2·16) of;: is different from that of the early paper1) and is coincident with that of Nakanishi's paper.4) Equation (2 ·14) has the complete rotational invariance in the Euclidean (p, P4) space, the solutions of which will be discussed in the next section.
In order to clarify the reality of the variables in ( 2· 14 
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where
R(z,z')=(l=Fz)/(l=Fz') forz;Zz' (3·4)
and tn CS) IS the eigenvalue of X with respect to fixed:5. Equation (3· 2) can' be· transformed into the differential equation of the form
with U"n (± 1, :5) = O. Equation (3·5) for the zero value of :5 has already been presented by Cutkosky:2) It is to be noticed that the analyticity of the expression (3· 9) with respect to sand 0 assures that this expression _will be valid even if the condition (A) on ois rerr;oved out. It is also noticed that the expression (3·9) with finite 0 becomes linearly dependent on the ones with vanishing 0 belonging to the same eigenvalues, so that the appearance of 0 in (3·9) has no essential meaning.
In fact, with the help of boost matrix 7 ) (see also the Appendix), we have
which comes from the fact that the normalization constant B"n (5) is independent of land 0, as will be discussed in the next section, and from the formula on solid harmonic: 
Yo' --------------------------------------------------
(3 ·15) (3, 16) with I ~I defined by (2·5). It should be noted that Cx,,/, Yo/) IS free from the singularity at s = 0 which appears in (xo, Yo). In the following, we write down explicitly the solutions of the B-S amplitude in the following typical four cases, by substituting (xo/, Yo/) specified by (3·15) and (3, 16) to Eq. (3·9).
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The bound state becomes timelike and its amplitude is gIVen by ¢~~:?rn(p, Po; 0, ko) = -iB"n(S):Z;n-1,~,m(Pb P2, Ps, y~)
(ii) The case ks==l=0, ko=O (s= -4k s
The bound state becomes spacelike and its amplitude is given ,by ¢~~(m(p, Po; ks, 0) = -iB"n(s):Z;n-1,~,m(Pb jh, xl" Po)
where (3·20)
We have an alternative expression for the amplitude -by putting 0 = 0' -n/2.
The result is (3·19') w here we can use the relations yl, -7C/2 = ixl" and
The bound state becomes lightlike and its amplitude is given by 
The bound state becomes spm'ionlike and its amplitude is given by
It can be shown that each solid harmonic in (3 ·17), (3·19'), (3 , . 22 
. Normalizations and other discussion
Now, let us calculate the norm of the B-S amplitude following the preSCrIptions given in reference 1).
Since the B-S amplitude does not necessarily have a posltrve norm, we normalize the bound state vector with the total momentum (0, 0, 2ka, 2k J ) , the quantum number IC, n, l, m and the subsidiary parameter 0 by 
ds for the amplitude (3·9), where 
The right-hand side of (4·4) can be estimated, by substituting (3 ·1), to be where
J, and we use the relation
between the normalization constants appearing in (3·1) and (3, 10) . already been calculated by Nakanishi in the lowest order of 5
J"n(S) has (4) (5) (6) (7) (8) wi~h the positive constant C len which is explicitly given 111 reference 8)_ The right-hand side of .(4-2) is expected to be negative in general, as is indicated by (3·8) for the vanishing S. From this property and Eq. (4·5) through (4, 8) , the normalization factor e~u,{~1n (S) is det~rm~ned to "Co) (A) _ (_ l)n-~-l "iCnlm S - (4) (5) (6) (7) (8) (9) for the solutions with 0 and negative 5 which satisfy the condition (A), (see also the Appendix).
Next we investigate the normalization of the solution o which is singular at s ~ ° from (2 ·19) and (2·20). This singularity is, however, extinguishable by the linear combination of the degenerate solutions as was showed in the previous section. When J=O, the singularity at s=4J 2 (.5=O) of the solution (3·17) is shifted to that of the lightlike sol~tion (3·22). It is important for detailed investigation of these singular behaviors to solve the generalized B-S amplitude.
with Cle bsch-Gordan coefficients. The solid harmonic boosted to the direction of third-axis is related to the original one through the boost matrix by !f{ Um and is indefinite by mr + i{3.
